To explore the features of stock price volatility in real estate industry under the scale heterogeneity, we use GARCH, TGARCH and EGARCH models to analyze the stock volatility of large-and small-scale real estate firms in China, and compare their results with the Shanghai Composite Index (SHCI). The empirical results show that all three returns for large-and small-scale real estate firms and SHCI have heteroscedasticity, volatility persistence and asymmetry. Besides, the return series of Shanghai Composite Index exerts a negative leverage effect, while the leverage effect for larger-and small-scale real estate companies shows positive.
Introduction
As a very important part of the development of China's national economy, real estate industry plays a significant role in social harmony. According to statistical data, the average growth rate of China's GNP during the period from 2005 to 2014 was 9.993%, of which the average value of added value created by the real estate industry to the GNP was 5.35%. From 2006 to 2014, the average number of employees in the real estate industry were 461,3000, of which 219,380 were urban units, with 433,900 in state-owned units, 83,900 in collective units and 19,200,00 in other units. Thus it could be seen that the real estate industry was crucial to the economic development and social harmony and stability of China (Chen, 2017) .
Financial asset price, as an important indicator to describe the efficiency of financial market, is an important factor that needs to be considered in the process of investment decisions and risk management (Cao, 2008) . The real estate industry has occupied an important position in the economic development of China. Because of the high return rate and risk in the real estate industry, our research here analyzing the features of stock volatility in the real estate market, on the one hand, can guide investors and policy-makers to have a clearer understanding of the risks of the industry and make the correct decisions. On the other hand, it also provides a theoretical basis for studying the corresponding hedge plans, so as to promote the healthy and stable development of the real estate market, rationally optimize the allocation of resources, and achieve sustained and stable development of the national economy. In other words, the volatility of the stock price in the real estate industry has an important impact on the entire national economy and even the financial market.
Based on economic fluctuation theory, normative analysis and empirical research have been combined in this article. First, we review related literature about the research progress of the features of stock price volatility. Second, we innovatively analyze the stock price volatility in real estate industry Combining with the stock prices of the real estate industry, we conclude that the stock price of the real estate industry has the ARCH effect is drawn. Third, GARCH model is used to analyze the features of stock price volatility of the real estate industry in China from February 2010 to February 2018 by conducting empirical analysis. Finally, we draw conclusions.
In the empirical research, first of all, the original data are collected and sorted out; the model methods are then described. Next, the model is used to study the real estate and stock price data. Under the premise of testing the ARCH effect, GARCH modeling is performed. Finally, the author summarizes and analyzes the empirical test results and puts forward relevant recommendations.
Literature Review
Volatility is one of the core issues in the study of financial economics. In modern finance theory, volatility is wildly-used to represent risk, which can be measured by the variance of returns. Traditional pricing models of financial products often assume that volatility as a constant does not change over time. However, a large number of empirical studies have shown that the volatility of the price of financial products presents aggregation, that is, larger volatility is often accompanied by larger volatility and smaller volatility is often accompanied by smaller volatility.
The earliest model that can be used to explain and reflect the volatility clustering and conditional heteroscedasticity exhibited by the financial time series is the autoregressive conditional heteroskedasticity model (ARCH model) proposed by Engle (1982) . With the assumption of regarding variance as the function of the lagged residual square, Bollerslev (1986) puts forward generalized autoregressive conditional heteroskedasticity model (GARCH model), which explained the volatility clustering and conditional heteroscedasticity of financial time series more succinctly. To distinguish the influence of positive and negative impulse on volatility, Zairian (1990) There are many previous studies on the features of stock price volatility. Most of them are to study the general features of stock price volatility in China, but few people analyze the features of stock price volatility in some specific industries. Due to inequality economic development in various industries in China, investors also have different investment ways. For example, Chen (2015), Goo (2015), Su and Ma (2015) and Lu (2017) respectively investigate the stock price volatility of listed companies in the agricultural industry, the medicine industry, the IT industry, and the banking industry. Analysis of stock volatility features based on different industries can indeed help us to see the differences in risk in different industries and to formulate risk aversion strategies. In view of the high-risk nature of the real estate industry, this article goes deep into the industry, uses the GARCH, TGARCH, and EGARCH models to classify the stock price volatility in the real estate industry in China and compares it with the Shanghai Composite Index.
Research Method

Sample Selection and Preprocessing
Taking into account the availability of relevant data, the sample data used in this article are the daily closing prices (obtained from CSMAR database) of 102 real estate companies from February 22, 2010 to February 22, 2018. The closing prices of the Shanghai Composite Index within the same period is used for comparison. In terms of data preprocessing, the daily closing prices of the 102 listed real estate companies are classified according to their total assets. There are 19 large-scale companies and 83 small-scale companies. By calculating the average values of Shanghai Composite Index, the larger-and small-scale companies, we apply the HP filter method to de-trend the periodicity of the time series data and select trend components as the data basis for the comparative study of stock price volatility features of different types of real estate companies (the trend series has no negative value, and the cyclical sequence is considered to cause price volatility to deviate from reality for some reasons). Standardization is conducted to obtain time series data of trend components of large-and small-scale listed real estate companies as well as Shanghai Composite Index.
In order to eliminate the non-stationary of the time series, the log-return is used in this article and is defined as follows:
(1) Take the logarithm of the trend component of the stock price returns of large-and small-scale listed real estate companies, and Shanghai Composite Index. And the variable description is shown in Table 1 . 
Model Setup
In order to more accurately describe the tail features of the time series, Bollerslev (1986) proposed the generalized ARCH model, namely the GARCH (Generalized ARCH) model. A lagged t h term to the equation of conditional variance is added in the GARCH model, which could reflect a more flexible lag structure. It is defined as:
In GARCH model, the variance of return is considered to be predictable. The conditional variance depends not only on the latest information but also on the previous conditional variance.
In order to study whether the real estate industry's stock returns have a leverage effect (i.e. when the stock price falls or rises at the same rate, the process of falling stock prices is often accompanied by more severe volatility.) The asymmetric GARCH model can be used. The general asymmetric models include TGARCH model and EGARCH model. TGARCH (p, q) model is defined as follows: , the leverage effect is considered to exist. EGARCH (p, q) model is defined as follows:
, it is can be seen that the function of information is not asymmetric. If 0   , the leverage effect is significant.
Empirical Analyses
Descriptive Statistics
First, we check the basic statistical characteristics of the HP filtered returns of large-and smallscale real estate firms and the SHCI during the sample period. As is shown in Table 2 , generally, both
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the means and variances of the two returns are in the neighborhood respectively. Meanwhile, compared with the standard normal distribution with scenes 0 and kurtosis 3, the skew nesses of both returns here are negative (i.e. left skewed) while kurtoses are far larger than 3, hence we may deduce that each return has a leptokurtic distribution with a fat left tail. In other words, returns here do not have the standard normal distribution. At the 5% level of significance, the value of JB statistics is greater than 5.99 at a significant level of 5%, indicating that the real estate industry's stock price return rate does not obey the normal distribution. On the whole, the real estate industry's stock price return rate has a very distinctive social characteristics of concentration, and can be estimated with the GARCH model. Table 2 . Descriptive statistics Notes: ***Rejection of the null hypothesis at 1% significance level
Empirical Analysis
Unit Root Test
Considering the GARCH-family model's requirement for the stationary of the time series data used, the first step must be to test the stationary of all the time series data used before applying this type of models to performing empirical analysis. This paper uses the ADF test to examine large-scale listed real estate companies, small-scale listed real estate companies, and Shanghai Composite Index data, then finds that the data after the first-order difference is stable. The test results are shown in Table 3 . It can be seen that all three indicators are stable and can be used GARCH modeling. 
Impact of External Shock on Stock Price Fluctuations
Because of the fat tail of the return, the GED distribution is introduced to depict the residual of the GARCH model. According to the requirements that the AIC value should be relatively small, and model coefficients must be significant and positive, the GARCH(1,1) model is the best when comparison are made among GARCH(1,1), GARCH(1,2), GARCH(2,1) and GARCH(2,2) models. For series dln_hplss, an ARMA(4,0)-GARCH(1,1) model is singled out for the volatility of stock price return; for series dln_hpsss,an ARMA(4,4)-GARCH(1,1) model is singled out for the volatility of stock price return; for serise dln_hpzss,an ARMA(4,3)-GARCH(1,1) model is singled out for the volatility of stock price return. All parameter estimation results are stated in Table 4 Note: The numbers in parentheses are Std. Errors of the estimates. ** Significance at 5% level, *** significance at 1% level. Table 4 shows that GED degree parameters of the three models are 1.5206, 1.5610 and 1.8540 respectively, both less than 2, confirming that the tails of the international oil returns are thicker than that of the standard normal distribution. GARCH term is significant at the level of 10%, which indicates that the use of the GARCH (1, 1) model is reasonable. The value of 1 1    is less than 1, suggesting that each stock price time series satisfies the stable condition, and the conditional variance has long-term memory. This shows that the impact of external shocks is highly persistent both on large real estate companies and small real estate companies and on the volatility of the Shanghai Composite Index. In addition, the 1  value of large real estate companies and small real estate companies is larger than the corresponding value in the Shanghai Composite Index model, which indicates that, relatively speaking, the fluctuation of stock prices caused by external shocks outside the small real estate company's stock itself can make a quicker response.
Asymmetric Effect of Stock Price Volatility
The following examines the impact of favorable and unfavorable information on the cyclical fluctuations of different types of stock prices. This paper uses the TGARCH (1, 1) and EGARCH (1, 1) models to estimate the four time series and selects the better-fitting model in the TGARCH (1, 1) and EGARCH (1, 1) models. The empirical results are shown in Table 5 . Table 5 shows that in the TGARCH and EGARCH models, the coefficients  of the asymmetric effect terms of the three time sequences significantly differ from zero, indicating that the fluctuations of the trend components of each series have asymmetric effects. Both don hapless and don hiss are well fitted by TGARCH and there are less than zero, meaning that for the trend components of these two series, "good news" can produce greater fluctuations than "bad news," i.e., there is a positive leverage effect. In terms of the degree of volatility, small companies see greater fluctuation in stock price returns than large companies, that is, when the "good news" appears in stocks of a small company, it will bring a 0.1150 shock to the stock price index, and when "bad news" occurs, it will bring a 0.0807 impact on the stock price index. The don hips fits well with EGARCH and its  is less than zero. The bad news generates stronger fluctuations than the same amount of good news, that is, there is a negative leverage effect. According to the estimated results of EGARCH and TGARCH models, the news impact curve is plotted in Fig. 1 . We find that when the impact of information is greater than zero, that is, when the impact is positive, the curves of the don hapless and don hiss are both steep, while the negative impact is relatively gentle, which shows that the positive impact makes the periodic fluctuation more varied, the degree of volatility is in accordance with the TGARCH model. On the contrary, for don hips, when the impact of the news impact is less than zero, that is, the negative impact, the curve is steeper, indicating that the negative impact on the periodic fluctuation is greater. Note: The horizontal line is the impact at time t-1, and the vertical line is the volatility at time t. Generally, the bad news in the securities market has a greater impact than good news, which is reflected in the EGARCH model of the stock index's return on the Shanghai Stock Exchange Index. But in the real estate industry, good news generates more volatility than bad news. This finding can be attributed to investors' over-optimistic expectations toward the real estate market for the rapid development of China's real estate industry since 2010. When the bad news appears, investors continue to hold the majority of the real estate industry stock strategy, but when the good news emerges, it often leads to high investment enthusiasm for investors, which is particularly evident in smaller companies with speculative psychology.
Main Conclusion
This paper selects 102 real estate companies as the main research objects, and use the HP filter to de-trend the periodicity. Then, after taking into consideration of the great impact of heterogeneity of the company's scale on the stock price volatility, it classifies the trend component of HP's filtered stock price returns by ratio of market capitalization. Then the time series data of large and small real estate companies were obtained. On this basis, GARCH, TGARCH, and EGARCH models are used to empirically analyze the volatility of China's real estate industry's share price, and then compared then to the Shanghai Composite Index. The main findings are as follows.
First, price fluctuations of real estate companies with different scales have different characteristics. Large real estate companies and small real estate companies all have heterogeneity, volatility, and asymmetry. However, small real estate companies can respond quickly to the stock price fluctuations caused by external shocks outside the stock itself, which may be related to the operational flexibility of small real estate companies.
Second, there is a negative leverage effect on the stock price return of the Shanghai Stock Exchange Index. There are positive leverage effects on the series of stock price returns of the two types of real estate companies. Specifically speaking, as for stock price returns of the real estate industry, the impact of good news is greater than bad news. In terms of volatility, the fluctuation in the stock price return of small companies is greater than that of large companies. One of the possible reasons is investors' over-optimistic expectations of the real estate market for the rapid development of China's real estate industry since 2010. When the bad news appears, investors continue to hold the majority of the real estate industry stock strategy, but when the good news emerges, it often leads to high investment enthusiasm for investors. This precisely reflects the particularity of the real estate industry in China.
